Mariner 9 control net of Mars, August 1972 by Davies, M. E.
RE-ORDER NO.
SPONSORED BY THE JET PROPULSION LABORATORY,
CALIFORNIA INSTITUTE OF TECHNOLOGY
tvafwj*^I *-. ..v* dr-jr; I **!
i 4 •»£=~:r* i lr l
T^fff^r-^^^r- j
https://ntrs.nasa.gov/search.jsp?R=19740002315 2020-03-23T14:12:38+00:00Z
R O 7 2 - 2 8 5
This research is sponsored by the Jet Propulsion Laboratory, Cali-
fornia Institute of Technology under Contract No. 953011. Views or
conclusions contained in this study should not be interpreted as repre-
senting the official opinion or policy of the Jet Propulsion Laboratory.
Copyright © 1972
Published by The Rand Corporation
j^
R O 7 2 - 2 8 5
SPONSORED BY THE JET PROPULSION LABORATORY,




This work was performed for the Jet Propulsion Laboratory,
California Institute of Technology, sponsored by tho






The computation of a control net of Mars based on pictures from
the Mariner 9 television experiment was started in January 1972 and
has been expanded by incorporating additional frames and points. As
time goes on, improved surface coverage, better basic assumptions,
and improved computational techniques will cause revisions in the
control net. However, an interim system that can be used for control
is essential to the preliminary layout for new maps of Mars. Thus,
this report is the first of a series presenting the best and most
current results available to date.
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SUMMARY
A planet-wide geodetic control net of Mars that is based on the
Mariner 9 pictures is in the process of being computed. This report
summarizes the status of the results as of August 1972. Areocentric
and areographic coordinates of 809 control points have been computed
using 407 television frames. As improved techniques and additional
data become available, the net will be expanded to cover the entire
planet. Coordinates of the new control points will be determined and
coordinates of the old ones may be revised.
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I. INTRODUCTION
Large-area pictures of the surface of Mars could not be obtained
before December 1971 because a dust storm obscured most of the surface
detail. When the Mars environment began to clear in December 1971,
the terminator had moved toward periapsis enough so that the planet
was dark when seen from a distance and it was again infeasible to
obtain large-area pictures. It therefore has been necessary to use a
large number of small-area frames to obtain photographic coverage of
the planet, making the photogrammetric solutions for the control net
difficult and involving a large number of computations.
The photogrammetric parameters and methodology used in the compu-
tations are discussed in the next section. Section III contains the
coordinates of the features and 48 figures that show the locations of
the control points on the surface of Mars.
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II. PHOTOGRAMMETRIC PARAMETERS AND METHODOLOGY
The same least squares methods and photogrammetric formulation
that were used in the reduction of the Mariner 6 and 7 pictures are
being employed in the current Mariner 9 computations. The only differ-
ence is tha,t the 1950.0 Earth-equatorial coordinate system is used as
the basic inertial reference instead of the 1950.0 Earth-ecliptic
coordinate system that was used previously. Moreover, since the number
of unknowns becomes very large, it is necessary to obtain solutions by
blocks.
The areocentric latitude and longitude of the points and the three
orientation angles of the camera when the frames were taken are treated
as variables. Best values for these parameters are determined by a
least squares adjustment designed to minimize the sum of the squares of
the differences between the computed and measured coordinates of the
points on the frames.
The coordinates of the points are measured in pixels using special
map-gridded pictures furnished by the Image Processing Laboratory (IPL)
at the Jet Propulsion Laboratory. The IPL GEOM program is used to
remove the electronic and optical distortions from the measured pixel
coordinates and to scale them to image coordinates in millimeters. The
focal length of the A camera that took these frames is 52.267 mm.
The positional coordinates of the spacecraft when the pictures
were taken (camera stations) come from the preliminary Minilibset
program.
Areographic coordinates (in contrast to areocentric) will be used
on all cartographic products and the reference spheroid will have an
(2)
equatorial radius of 3393.4 km and a polar radius of 3375.8 km. '
The areographic latitude, <f>' , of a point is defined as the angle be-
tween the normal to the reference spheroid through-the point and-the
equatorial plane. The areocentric latitude, <j>, is defined as the angle
between the radius vector to the point and the equatorial plane. When
the reference figure is a spheroid with equatorial radius, a, and polar
RO 72-285
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radius, c, the latitudes of the point are related by
/c\ 2tan <{> = I — 1 tan <(>'
The radii at the control points come from the occultation experi-
ment. The radius is computed as the sum of the radius of the reference
spheroid and the interpolated elevation from Table 1 at the coordinates
of the point. The elevations at 10° intervals of latitude and longi-
tude shown in Table 1 were determined by linear interpolation between
points at which the planet's radii (and hence elevations) were measured
by the occultation experiment. For lack of better data, the ele-
vation was assumed to be zero at 90°N and south of 65°S.
A new spin axis for Mars is incorporated in the control net compu-
(2)3ns. >
new pole are
tatio > Using the notation of Sturms, the coordinates of the
a5() = 317.32 - 0.1011 T (from Ref. 5)
and
65Q = 52.68 - 0.0570 T
The Mariner 9 coordinate system uses a crater on the surface of
(2)Mars to define the 0° meridian; this crater has tentatively been
designated Airy-0 and is shown in the two photographs of Fig. 1. As
determined from the current control net computations, the right ascen-
sion of the prime meridian is
V = 148.59 + 350.891962 d

















































1 1 1 1 1 1 1
o •-• <M PJ rj -< o o o oI 1 I I I i 1 -4 —* rj -* -< o o o o
1 1 1 1 1 1
1 1 1 1 1
O - ^ N I N J - ^ O OO — r g r O f n < * > ' M ' - ' O OO O
1 1 1 1 1
i *$• rsj ir\ co r- j
o O —* O o —• •o<f i r i ' - - a3^a ' -•> ^> —« o o rj
I I I
O»Tl"3 ^ m r j ' M J3 — O O f- tA >J- T J ' M O O O
I I I
— « o o o
i I I
i i i i i i
* .•»>-< -j\ -. rj jj -n CT -< -r y -t --a "\
» -^ <> r- :o '•> > rs (^ **- r> -?* -* r-4 -T O o
•~> ^ >J.— • - - * — « — • — • O O — * (^ *N '-J — * O O O














I 1 1 i I t I I
1 1 1 1 1 1 1 1 1
O -* fi CM ••< -^ ••< "^ O o -« ^  (*i rj -^ o o o CJ1 1 1 1 1 1 1 1
O <*l O CO «?•»•* en C* ^' O Ui h- rj r*^ c% <• o O O
O -* fj rj -i -< O O O O -• rj pi rj .. o O O O
- I l l
l l l 1 1 1 l l l
i i i t i i
m o i f » o » c o r « > r * - o > f m m c > ' * % r g - *
1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
O P * - « f < - O - 4 ^ p . ^ J ? ' ^ ( M ^ - O C ^ i A — * O O O
I l l l III
1 1 1 1 1
- 4 — < O O
O O — * O O
1 1 1 1
O O -H -* — < J
t i l l
1 1 1 1 1
OOOOOOOOOOOOOOOOOOO
^ < » f ^ O ' A « ? ' n ' N J - * - * ^ J - n ^ J • ^ ^ ^ ^ O ^ • a J a *1 1 1 1 1 1 1 1 1
-* rt.T^r-af - '. * .
7 ' .2 -28 5
-5-
'^ ^^W^^^Wj^^^^^^^f" '^' *' ~~"T~ ?'"'^ !lpfr:
t' " ^"": -iC;J^?^
 (^'-% _ : -^ '«
r • :--' ^\''. ^^ - • - . ' .:.', •••-:•'::* -'fij*
Fig. 1 — 0° longitude passes




III. COORDINATES OF FEATURES
The computations have been broken into four blocks because of the
large number of points and frames. Adjoining blocks have large regions
of overlap, permitting solution by successive iteration by holding the
coordinates of a few points (three or four) in the overlap region
fixed during the adjustment of one block. Different points of the same
region are held fixed (at the values just derived) for the .adjustment
of the. adjoining block. These successive adjustments are continued
until the coordinates of all the points in the overlapping regions
cease to change. The four blocks have been designated 0° north, 0°
south, 180° north, and 180° south. A summary of the final block compu-
tations is given in Table 2. The four least squares adjustments
required solutions for 634 to 1084 unknowns, and the standard error of
the residuals of each computation was about one pixel (—0.015 mm).
Areocentric coordinates of the control points are given in Table 3,.
and the areographic coordinates appear in Table 4.
Table 2





































NOTE: The present control net consists of 809 points and 407 frames.
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The entire surface of Mars has been divided into 30 sections for
the preparation of scale 1:5,000,000 maps. There are two stereographic
projection charts that cover the poles, 12 Lambert projection charts
between 30° and 65° latitudes in the north and south, and 16 Mercator
projection charts that cover the equatorial region. Figure 2 shows the
planet-wide distribution of these charts. Figures 3-26 show the dis-
tribution of the control points in 24 of these regions, and Figs. 27-50
have the control points circled on the U.S. Geological Survey mosaics
of these 24 sections. (Points in the remaining six regions are in the
process of being computed and will appear in the next report.) Control
point numbers listed below cannot be located on the charts at present.
0 364 702 977
187 368 ' 703 1025
192 433 704 1026
196 477 708 1039
197 479 757 1040
205 481 760 1445
234 485 761 1469
236 486 762 1470
243 496 766 1471
246 498 813 1472
271 595 818 1473
277 615 863 1490
279 643 865 1508
306 645 891 1514
316 654 938 1600
335 699 954 1602
358 701 963 1605
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Fig. 26—Control point locations on MC-30
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